Bacteriology
The factors which determine hospital infection can be classified under three headings: (1) The pathogens.
(2) The host. (3) The environment.
The role of the pathogens depends on their types, virulence and numbers, and on their ability to withstand antibiotic treatment; hence the predominance of staphylococci, which easily produce variants resistant to many antibiotics, and of Gram-negative bacilli (especially Pseudomonas pyocyanea and Proteus spp.) against which antibiotics have had limited success. The host and his tissues vary in their ability to resist infection; dead tissue, poor blood supply, foreign bodies and lack of antibody increase the susceptibility to invasion by pathogens. The environment will affect the incidence of infection in various ways: by the selection of resistant and possibly more virulent strains of organisms in hospital; by methods which prevent infection (good asepsis) or which enhance it (bad asepsis); and by drugs which increase the susceptibility of the host to infection (corticosteroids, cytotoxic drugs). The methods used for preventing hospital infection are: (1) Removal of sources and reservoirs of the pathogens. (2) Blocking of their routes of transfer to uninfected patients. (3) Enhancement of the patients' resistance. The 'sources' (i.e. places where organisms multiply) are carrier sites or sites of infection (including those of the patient himself), and occasionally fluid environments (e.g. solutions); these can obviously yield larger numbers of the bacteria than 'reservoirs' (i.e. environments, usually dry, where some pathogens can survive but not multiply).
The methods of transfer are classified as 'airborne' or 'by contact'. The relative importance of these two channels, though obviously varying in different situations, is still uncertain in many types of infection.
How do these principles apply in the control of infection in eyes? As in general surgery, the role of Staphylococcus aureus is important and that of Streptococcus pyogenes and Str. pneumoniw appears to have dwindled. Clostridium welchii is an occasional cause of panophthalmitis, and aerobic spore-bearing bacilli, which are harmless elsewhere, appear to have pathogenic potentialities in the chambers of the eye. More important in this respect are the Gram-negative rods, particularly Ps. pyocyanea. Some special hazards existe.g. from adenovirus type 8 which causes epidemic keratoconjunctivitis, an infection apparently spread most often by the ophthalmologist (Jawetz 1959) . Allen (1963) has pointed out that staphylococci can attack intact epithelium of a susceptible eye, whereas Ps. pyocyanea requires an epithelial lesion to admit infection. Given such access, however, Ps. pyocyanea appears to have exceptional pathogenic potentialities. Crompton, Anderson & Kennare (1962) found that as few as 50 cells of Ps. pyocyanea injected into the eye of a rabbit could cause severe infection and loss of the eye; to obtain similar effects from Staph. aureus 9,000 cells were required.
Factors in the host that influence infection include some which are beneficial to the host: e.g. the small target area, which reduces the risks of contamination (especially from the air), and the presence of lysozyme in tears, which destroys many (but not all) of the bacteria that enter the conjunctival sac. The chambers of the eye, however, contain fluids which lack antibody and other defence mechanisms and present a good culture medium for many bacteria (e.g. Ps. pyocyanea) that would usually be killed in the presence of blood; hence the hazard to eyes with injury of the cornea.
Special features in the environment which affect the hazards of infection in ophthalmic surgery are: (1) The tendency for Ps. pyocyanea to be present in hospitals, especially in wounds, in urinary or respiratory tract infections and in environmental moisture (e.g. sinks, solutions).
(2) The use of eye drops and fluids for irrigation. Ps. pyocyanea has a special aptitude for growing in water containing minimal additions of organic matter, coupled with an ability to survive or multiply in the presence of some disinfectants that inhibit the growth of most other organisms. This explains the frequent reports of Ps. pyocyanea being isolated from eyedrops and other solutions used in hospitals.
Reports on severe infection of the injured eye with Ps. pyocyanea are numerous and go back to the nineteenth century (e.g. Sattler 1892 , McNab 1904 , Brown 1943 , Duke-Elder 1965 and the danger of contaminated eyedrops, ointments and solutions is described by Thygeson (1948) , Bignell (1951) , Ridley (1958) and others. Since contaminated fluids are likely to be put into many eyes, outbreaks tend to occur. The outbreak in Birmingham (Ayliffe et al. 1966 ) was in many ways characteristic. Fifteen out of 44 patients who had operations in the hospital during a period of six days developed infection; from 10 of these Ps. pyocyanea was isolated by Dr D R Barry, the pathologist. Most of the infections were severe, with the development of hypopyon and panophthalmitis, and 6 patients lost an eye. All the infections occurred following intraocular operations, none following extraocular operations (which included 16 for strabismus).
The theatre was closed and a survey of the environment was made for Ps. pyocyanea. Thirtyfive out of 55 bottles of saline solution used for moistening the cornea and conjunctiva during operations were found contaminated with the organism; these strains were typed by phage, serological and pyocine methods and proved to be identical with those isolated from the infected eyes. Ps. pyocyanea was also isolated from sinks in two wards, from floor and a floor mop and from the flces of one member of the staff, but these were all of types different from the infecting strain; in a later survey one strain of the epidemic type was isclated from a sluice-room nail brush. Though it was impossible to locate a definite source or reservoir from which the infection was transmitted, several potential gaps in asepsis were discovered. One of these was the use of a disinfectant (a mixture of methyl and propyl-phydroxybenzoates at a concentration of 0-06%) instead of heat for maintaining the sterility of a two-way syringe used for filling sterile bottles with sterile saline; it has been shown that Ps. aeruginosa can survive and even multiply to some extent in this disinfectant solution. The other important defect in aseptic arrangements was an acute shortage of space for washing and sterilization of bottles; these procedures were carried out in a cramped, ill-lit room where risks of human error seemed likely.
The most important lesson learned from this episode was the need for reliable sterility of solutions instilled into eyes. Even a minor injury of the cornea may be a channel by which bacteria may enter the anterior chamber; there should be no chance of contamination from eyedrops or ointments. Too much reliance has been placed in the past on chemical disinfectants for maintenance of sterility of solutions. Solutions should, whenever possible, be sterilized by heat in their final containers; for solutions of heat-labile compounds an alternative method of sterilization that does not affect the contents (e.g. by a bacterial filter) is required. It is also important to ensure that sterile solutions do not become contaminated before use or between one treatment and the next; the supply of eye-drops in single doses or in small volumes for use by one patient during one day should eliminate or minimize the hazard in patients with injuries or ulceration of the cornea, or at, and shortly after, intraocular operations.
It would be wrong to place all the emphasis on sterility of solutions. General asepsis, including skin disinfection, disinfection of the conjunctiva, preparation of the surgical staff and proper sterilization of instruments are clearly important for the prevention of infection, especially by staphylococci. Dr Blowers will discuss these aspects of the subject. We have found the application with friction of an alcoholic solution of 05 % chlorhexidine gluconate to be the most effective of a number of alternative methods tested for the disinfection of operation sites (Lowbury et al. 1964) . For disinfection of the conjunctiva a solution of an antibiotic is commonly used (e.g. chloramphenicol 0 5-2-5 %, or neomycin 0-5 %, sometimes with polymyxin B 0-1 %). This must be given time to act (e.g. by Section ofOphthalmology 351 several hourly instillations before the operation) and may also be included in the saline solution used for moistening the cornea during operation.
It is common practice for pre-operative swabs to be taken from the conjunctiva to ensure the absence of pathogens at the time of operation. It is quite possible, however, for a staphylococcus to appear in a clean eye during the interval of waiting (about two days) for the results of the pre-operative swab, so the rationale of this procedure is dubious. Provided disinfection on the day of operation is adequate, it should be unnecessary to know what bacteria were present two or three days beforehand. Preliminary studies with Dr Barry in Birmingham have shown a significantly lower proportion of staphylococci in conjunctival swabs taken after treatment with antibiotics (23/189) than in swabs taken before such treatment (75/189) (X2=36; P<O001). But the effect was incomplete; an appreciable proportion of the eyes which carried staphylococci did not lose the organisms, and there were some eyes in which staphylococci were isolated after disinfection but not before. There is need for more study on the effectiveness of alternative methods for pre-operative disinfection of the conjunctiva, including the use of newer antibiotics, such as gentamicin and methicillin. This seems particularly important in view of the frequent finding in hospitals today of neomycin-resistant staphylococci, and the relative ease with which resistance to chloramphenicol can emerge when that antibiotic is used. But perhaps the risk of such resistance is smaller in ophthalmic than in general hospitalsso at least we might suspect from the results of our study. In view of the imperfect control over staphylococci, it is fortunate that the eye seems generally to have some ability to resist invasion by these germs; it is fortunate, too, that natural contamination of the conjunctiva with Ps. pyocyanea is very uncommon.
Dr Robert Blowers (Public Health Laboratory, Middlesbrough) Operating-theatre Design and Practice Improvements in operating-suite design and operating-room practice cost money and trouble. Therefore, before we consider what improvements could be made, we should ask whether improvement is needed, and whether it is needed generally and not only in the few places where disaster has recently struck.
Results and Incidence ofPost-operative Sepsis In general surgery, the severity of post-operative sepsis ranges from the trivial (which is fairly common) to the disastrous (which is comparatively rare). But after intraocular operations, sepsis is nearly always very serious; in almost every case there is a real possibility that the eye will be lost. Thus, in a series of 22 infections (Allen & Mangiaracine 1964) , evisceration of the eye was necessary in 11 and useful vision was lost in a further 7; in the Birmingham outbreak 15 infections led to the loss of 6 eyes (Ayliffe et al. 1966) .
Before discussing the incidence of sepsis after eye operations, we should consider some studies on sepsis rates in general surgery. During the early 1950s several outbreaks of infection by antibiotic-resistant staphylococci were reported, with sepsis rates of about 10 %. But it was generally believedand often strongly maintainedthat these outbreaks were exceptional, and that elsewhere sepsis was rare or even nonexistent. In 1957-9 the Public Health Laboratory Service (1960) conducted a survey of postoperative sepsis in 21 British hospitals where infection was thought to be at non-epidemic level. After 3,276 surgical operations in these hospitals the mean sepsis rate was 9-7 %, ranging, in the different hospitals, from 1 % to 22 % -higher than in some hospitals where sepsis had been noted and reported as an outbreak. I quote this experience to emphasize our curious inability to calculate sepsis rates by a combination of memory and mental arithmetic.
What is the non-epidemic sepsis rate after intraocular operations? I can find no record of a prospective study planned to determine this. However, the mean sepsis rate in ten published retrospective surveys, quoted by Allen & Mangiaracine (1964) , was 0-21 % after nearly 28,000 operations. In Britain, eye surgeons generally estimate the rate at about 0-1 %; this is low compared with that in general surgery, but is surely unacceptable when one considers the
